We examine the purchasing power parity (PPP) hypothesis of 10 members of ASEAN. A battery of panel unit root tests is employed on data series from January 1995 to January 2018 in order to search for validity of PPP in the period before the Great Recession and in the post-crisis period. All the calculations are based on four numeraire currencies: Chinese yuan (CNY), Japanese yen (JPY), US dollar (USD), and the euro (EUR). First, following the outcome of the present study for ASEAN countries, the PPP holds mostly with respect to CNY rates. Second, for the post-financial crisis period, our research proves conclusively that the PPP supposition is predominantly valid between the currencies of ASEAN countries and EUR rates. The sample of countries in the study is limited to the ASEAN group of economies. Based on the evaluated parity conditions, the emergence of global economic crisis brought about significant currency shifts in the ASEAN. The selection and testing of a broader range of numeraire currencies is vital to provide empirical underpinning for PPP notion.
Introduction
The concept of purchasing power parity (PPP) encapsulates the basic idea of competitive open markets and represents an essential part of international macroeconomics. The relative version of PPP implies that variations in the exchange rates correspond to the changes in the ratio of price levels of the observed countries. Shifts in relative prices are, therefore, in the long run, the main driving force behind the development of exchange rates. Due to numerous market frictions, obstacles in cross-border trade, and nonlinearities in the adjustment of exchange rates, deviations from PPP can be substantial (Taylor & Taylor, 2004) . Although the empirical literature on PPP for developed market economies is enormous and is continuing to expand with the introduction of new methodological approaches and estimation techniques, the interest of experts is progressively turning toward the emerging Asian economies. Their growing importance in international trade and in global supply chains as well as their increasing participation in international financial flows makes Asian countries particularly interesting candidates for PPP testing.
Our paper scrutinizes the PPP hypothesis on the members of the Association of Southeast Asian Nations (ASEAN): Brunei, Cambodia, Indonesia, Laos, Malaysia, Myanmar, Philippines, Singapore, Thailand, and Vietnam. The economic footprint of the ASEAN camp is important also on a global scale. When taken as a single economy, ASEAN's GDP is the fifth largest in the world, and it has the third largest population. Especially in terms of trade and foreign direct investment inflows, the group cultivates firm ties with EU, China, Japan, and the USA (Feng, 2018) . The novelty of this paper is twofold. First, we use a battery of panel unit root tests on extended data series from January 1995 to January 2018 in order to search for validity of PPP in the period before the Great Recession and in the post-crisis period. Second, we run the unit root tests concurrently for Chinese yuan (CNY), Japanese yen (JPY), US dollar (USD), and euro (EUR) rates.
The paper is organized as follows. The next chapter offers a short overview of the literature, while the basic theory of PPP, the data, and the econometric methodology are described in the following chapter. Thereafter, the empirical results are discussed. The main findings of our work are delineated in the concluding part of the paper.
Concise Review of Literature
The study of Bec and Zeng (2013) operates with data set covering the early years of the Association of Southeast Asian Nations. The researchers examine real exchange rates of five charter members of the Association (Indonesia, Malaysia, the Philippines, Singapore, and Thailand) over the period from . Estimating nonlinear models, they reject the null of a unit root for all the five exchange rates with respect to the USD and thus confirm the nonlinear mean-reverting supposition for the group of ASEAN-5. The stationarity of real exchange rates on the USD is also proven in seven out of eight Asian economies in the paper of Zhou and Kutan (2011) . Further, Arize et al. (2015) inspected the cointegration characteristics of exchange rates and prices of 27 Asian economies against the USD and found support for PPP in a significant number of countries. Lau et al. (2012) also confirmed PPP in the period from 1997-2009 for four ASEAN countries when China is used as a base country. Findings on the PPP in Lau et al. (2012) at least indirectly point to the importance of cooperation in trade and finance and economic policy coordination among economies in the Asian region.
The remaining studies on our list provide more mixed evidence on PPP or at least some reservations about the empirical validity of this exchange rate concept. Chang et al. (2010) rejected the unit root hypothesis for merely four countries' real exchange rates among eight ASEAN members only after the panel's seemingly unrelated regression of the Kapetanios-Shin-Snell (SURKSS) tests are applied with respect to the USD and the JPY. Based on nonlinear unit root tests employing the USD as the numeraire, Chang et al. (2012) also reported that PPP is relevant only for three among eight of the ASEAN economies. The PPP proposition has been carefully examined by Munir and Kok (2015) as well, namely, for the class of ASEAN-5 with a wide range of advanced panel unit root tests and cointegration analysis. The evidence on stationarity attributes of real exchange rates toward the USD is, in this study, fragmentary; thus, considerably more support for the theory is reported from the application of panel cointegration test. According to Munir and Kok (2015) , an important piece of empirical evidence on PPP could be obtained by elaborating on the different numeraire currencies in future studies. Additionally, we emphasize the work of Choji and Sek (2017) who analysed five ASEAN members via threshold cointegration tests but detected long-run PPP in only two cases.
Recently, Dang and Yang (2017) tested the law of one price on the sample of local retail prices for 78 goods and services in ASEAN-8 countries. The main conclusion from the quoted study is that, under the nonlinear ESTAR regime, in the period from 1990-2013, the convergence to the law of one price can be observed only in approximately 20%-23% of the analysed traded and nontraded prices. Froot and Rogoff (1995) have formally stated the purchasing power parity (PPP) as
Methodology and Data
where e t stands for the nominal exchange rates defined as the price of foreign currency in the units of domestic currency, p t presents domestic price index, and p t * foreign price index. The error term ξ t indicates deviations from PPP. All the variables are expressed in logarithms.
The empirical investigation is based on monthly data spanning from January 1995 to January 2018 for ASEAN economies, including Brunei, Cambodia, Indonesia, Laos, Malaysia, Myanmar, Philippines, Singapore, Thailand, and Vietnam. The consumer price indices (CPI, 2010=100) and the monthly averages of nominal exchange rates with reference currencies of EUR and USD were assembled from IMF (2018). For the purpose of this empirical investigation, exchange rates of CNY and JPY were calculated as cross rates among the USD rates of observed ASEAN economies and USD rates of CNY and JPY, respectively. Due to the limited availability of CPI data for Euroarea, the analysis of EUR reference rates starts in January 1996.
The empirical study was conducted in three parts, considering the whole observed period: (1) the pre-economic crisis period; (2) spanning from January 1995 to December 2007; and the post-economic crisis period; (3) ranging from July 2009 to January 2018. NBER (2012) methodology for defining the US business cycles was applied in determination of the subperiods.
In this paper, we estimate the peculiarities of real exchange rates in accordance to the strict version of PPP in Equation 1, where α 0 =0, α 1 =1, and α 2 = -1. The nominal exchange rates should adjust in such a way to eliminate the changes in relative prices. Therefore, the real exchange rates should be constant over the long-run, and their time series are expected to be stationary, with no unit roots (Parikh & Wakerley, 2000) .
In search for evidence in favour of PPP, this paper applies panel unit root tests. As described in Boršič and Bekő (2018) , the model takes into account the following autoregressive [AR(1)] process for panel data:
where i represents N cross-section units observed over periods t=1, 2, ..., T i , X i,t are exogenous variables in the model (any fixed effects or individual trends), ρ i are autoregressive coefficients, while errors (ε i,t ) are assumed as mutually independent idiosyncratic disturbance. When the absolute value of ρ i is less than 1, y i is weakly stationary. When the absolute value of ρ i is 1, y i contains a unit root. The panel unit root tests in our analysis differ in two assumptions about the ρ i in panel unit root tests. Levin, Lin, and Chu (2002) and Breitung (2000) approaches consider common unit root processes, with common autoregressive coefficients across cross-sections (ρ i =ρ) for all i. On the other hand, Im, Pesaran, and Shin (2003) , Fisher ADF and Fisher PP (Maddala & Wu, 1999; Choi, 2001) procedures deal with individual unit root processes, where ρ i varies across cross-sections. According to Boršič and Bekő (2018) , the precending subchapters denote the specific characteristics of panel unit tests applied in this study.
Characteristics of Levin, Lin, and Chu test and Breitung test
The Levin, Lin, and Chu (2002) test takes into account the following augmented Dickey-Fuller (ADF) specification
where a common α = ρ-1 is assumed, while the lag order for difference terms (p i ) varies across cross-sections. 
where ƞ i,t denotes the error process. Levin, Lin, and Chu (2002) 
where μ * and σ * are adjustment terms for the mean and standard deviation calculated by Levin, Lin, and Chu (2002) , α σˆis the standard error of αˆ, In accordance with Levin, Lin, and Chu (2002) and Hurlin (2010) , we applied the Bartlett kernel, Parzen kernel, and quadratic spectral kernel. In order to check the robustness of the results, we also considered the regression in Eq. (3) augmented with individual linear deterministic trends. The number of lags in each cross-section ADF regression (p i ) was selected by the Schwarz information criterion.
The Breitung test is similar to the Lin, Levin, and Chu test. It estimates auxiliary regressions of Δy i,t and y i,t on lagged terms Δy i,t-j only, while proxies are transformed and detrended (Δy i,t *). Panel proxy equation is used to estimate the persistence parameter α:
According to Breitung (2000) , under the null hypothesis, the estimate of the persistence parameter α is asymptotically normally distributed.
Characteristics of Im, Pesaran, and Shin test
Im, Pesaran, and Shin (2003) take into account individual unit root processes and calculate individual ADF regression for each cross-section:
where the null hypothesis is i all for , 0 :
while the alternative hypothesis is defined as , (9) t stands for the average of the t-statistics for α i from individual ADF regressions:
Im, Pesaran, Shin (2003) standardize the t -statistic and prove that the new statistic W is asymptotically normally distributed.
Characteristics of Fisher ADF and Fisher PP Tests
Considering the results of Fischer (1932), Maddala and Wu (1999) and Choi (2001) 
The null and alternative hypotheses are the same as for the Im, Pesaran, and Shin test above [Eqs. (8) and (9)]. Under the null hypothesis, Z-statistic is normally distributed.
Presentation of Results
Results of the Levin, Lin, and Chu panel unit root test are presented in Table 1 . For the whole period under investigation (January 1995-January 2018), the null of a unit root is strictly rejected in all variations of the test for CNY and EUR as base currencies, while it is rejected for USD base currency when individual effects and individual linear trends are included regardless of kernel specification. As for JPY base currency, the null is rejected only in one out of six variations of the test. Applying these empirical results to PPP theory, we can conclude that, for the whole observed period, there is very strong evidence for validity of PPP in the case of CNY and EUR, quite strong evidence in the case of USD, and very little evidence in the case of JPY as a reference currency.
The precrisis period (January 1995-December 2007) provides less evidence for the validity of PPP because the unit root is rejected only when individual effects are considered with a 10% level of significance for the CNY as reference currency.
In the case of EUR, the null is rejected more firmly with a 1% significance level when individual effects are allowed for, while the unit root is not rejected for USD and JPY base currency in any variation of the Levin, Lin, and Chu test. Consequently, the PPP is proven for CNY and EUR as base currencies.
Regarding the post-crisis period (July 2009-January 2018), the null of a unit root is rejected strongly (1% significance level) for USD base currency in all variations of the test, while it is also strongly rejected when individual effects are considered for all kernel-based techniques in the case of EUR as base currency. However, the unit root is not rejected, and PPP not proven in the case of CNY and JPY as reference currencies. Thus, the PPP theory is confirmed in the case of USD and EUR as reference currencies. Notes: (1) *** denotes the significance level of 1%, ** significance level of 5% and * significance level of 10%. (2) The whole period and the precrisis period for EUR reference rates starts with January 1996. Notes: (1) *** denotes the significance level of 1%, ** significance level of 5% and * significance level of 10%. (2) The whole period and the precrisis period for EUR reference rates starts with January 1996. Notes: (1) *** denotes the significance level of 1%, ** significance level of 5% and * significance level of 10%. (2) The whole period and the precrisis period for EUR reference rates starts with January 1996. Table 5 . In the whole period, there is again strong rejection of the unit root when CNY is the base currency. If individual effects and individual linear trends are included and either Schwarz or Hannan-Quinn lag selection criterion is applied the null can be rejected also in the case of JPY. While the unit root cannot be rejected in the case of USD and EUR. Thus, there is strong evidence for PPP in the case of CNY and some evidence for PPP in the case of JPY.
For the precrisis period, the results are practically the same as in the case of Maddala and Wu χ 2 statistics (Table 4) . The results support the PPP theory in the case of CNY when individual effects are included, regardless of lag selection criterion and in the case of EUR rates when individual effects are included and Akaike information criterion is applied. As for the post-crisis period, the null cannot be rejected when JPY and USD are reference currencies, providing no support for PPP. The unit root can be rejected at a 10% significance level if CNY is the reference currency when Schwarz information criterion defines the lag with individual effects and Hannan-Quinn information criterion defines the lag regardless of deterministic specification. While in the case of EUR, the null can be rejected when individual effects are included, regardless of lag selection Notes: (1) *** denotes the significance level of 1%, ** significance level of 5% and * significance level of 10%. (2) The whole period and the precrisis period for EUR reference rates starts with January 1996. Notes: (1) *** denotes the significance level of 1%, ** significance level of 5% and * significance level of 10%. (2) The whole period and the precrisis period for EUR reference rates starts with January 1996. The results of Fisher PP tests are manifested in Table 6 (Maddala and Wu χ 2 statistics) and Table 7 (Choi Z-statistics). Examining the whole observed period, the unit root cannot be rejected; consequently, there is no evidence in favour of PPP when JPY, USD, or EUR are reference currencies, regardless of kernel techniques or deterministic specification applied. However, the null can be strongly rejected if CNY is reference currency for all possible test specifications, providing evidence in support of PPP validity.
Considering the precrisis period, the results are similar to the whole period outcomes. There is no evidence what so ever for PPP when JPY, USD, or EUR are reference currencies. As for CNY, the results support the validity of PPP when individual effects are included for all three kernel specifications. In the post-crisis period, the null of a unit root cannot be rejected when CNY, JPY, or USD are considered as base currencies disregarding test specifications. When EUR rates are used, the null can be rejected when individual effects and any of the three kernel techniques are applied. Thus, there is support for PPP theory only in the case of EUR as the reference currency.
Conclusion
The paper formally examines the stationary properties of real exchange rates for ASEAN countries using data series from the beginning of 1995. We found important evidence for the mean reversion of real exchange rates toward PPP in the data sample, although the results reveal some heterogeneity. When we take the whole observed period, the PPP is supported for ASEAN-10 by all the panel unit root tests in the case of CNY values. With respect to the remaining three reference currencies, the relevance of the PPP hypothesis is not unequivocal, but the exchange rate theory is for all base currencies confirmed under at least one panel unit root test. Testing the data sample until the end of 2007 for JPY, USD, and EUR rates produced rather mixed results. In the same period, the PPP proposition holds for the ASEAN group, when China's currency acts as the base for real exchange rates. For the period after the outbreak of the global economic crisis, the results clearly corroborate the PPP proposition for real exchange rates of ASEAN markets when the calculations are performed on euro data. The evidence on PPP-based adjustment of real exchange rates is in the observed Asian economies for the remaining numeraire currencies in the post-crisis time span fairly weak.
The empirical exercise, presented in this paper, brings two important insights. First, the selection and testing of a broader range of numeraire currencies are vital to provide an empirical underpinning for PPP notion. Following the outcome of the present study for ASEAN countries, the PPP holds mostly with respect to CNY rates. Second, when it comes to the parity conditions, the emergence of global economic crisis brought about significant currency shifts in the ASEAN. For the post-financial crisis period, our research proves conclusively that the PPP supposition is predominantly valid between the currencies of the ASEAN countries and the EUR rates.
The evidence on PPP is, in this paper, limited to the ASEAN group. The extension of the presented work can be planned in two directions. First, new empirical findings could be generated by increasing the number of countries that are evaluated for PPP. Second, the application of nonlinear unit root test would further enrich our knowledge about the validity of this exchange rate theory.
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Izvleček
Preverjamo hipotezo paritete kupne moči (PKM) na desetih državah skupine ASEAN. Uporabljen je cel niz panelnih testov enotskega korena na podatkih od januarja 1995 do januarja 2018. Vsi izračuni temeljijo na štirih referenčnih valutah, in sicer CNY, JPY, USD in EUR. Prvič, izhajajoč iz izidov pričujoče študije, PKM pretežno velja, če se kot referenčna valuta pojavlja CNY. Drugič, za pokrizno obdobje naša raziskava prepričljivo pokaže, da je PKM pretežno veljavna za razmerja med valutami držav ASEAN in evrom. Vzorec držav je v raziskavi omejen na skupino ASEAN. Upoštevajoč preučevane paritetne pogoje je nastanek globalne gospodarske krize sprožil pomembne valutne premike v skupini ASEAN. Zajem in testiranje širšega nabora referenčnih valut sta nujno potrebna za empirično podkrepitev ideje o PKM.
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